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ABSTRACT 
The production-oriented agricultural system of Midwestern United States has 
produced many undesirable environmental consequenses which include soil degradation and 
non-point source (NPS) pollution of water. Riparian zones are the interfaces between 
terrestrial and aquatic ecosystems and may contribute the most to NPS pollution. To reduce 
the impact of upland NPS pollutants on stream water quality a multi-species (trees, shrubs, 
and switchgrass) riparian buffer strip was established, in 1990, along 1,000 m of a previously 
cultivated and grazed riparian zone in central Iowa. The objective of this study was to 
compare soil-water infiltration in a Coland (fine-loamy, mixed, mesic Cumulic Haplaquoll) 
soil under the multi-species riparian buffer strip communities with that under cultivated fields 
and a grazed pasture. Eight infiltration measurements were made, in each of eight treatment 
sites, in June, August and OctoberlNovember, 1995. Bulk density, antecedent soil moisture, 
particle size, and organic matter were also examined. The average cumulative infiltration at 
both 30-min and 60-min was five times greater under the buffer strip than under the 
cultivated field and pasture sites. Cumulative infiltration in the multi-species riparian 
bufferstrip communities were silver maple> control cool season grass>switchgrass. 
Cumulative infiltration did not differ significantly (P<0.05) between com and soybean rows 
and interrows and the pasture. Soil bulk densities under the multi-species buffer strip 
communities were also significantly (P<0.05) lower than in the compared sites. Other 
measured parameters did not show consistent trends.Thus, when using infiltration as an 
index, the established multi-species buffer strip seemed to improve soil quality in only six 
years. 
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GENERAL INTRODUCTION 
Thesis Organization 
This thesis contains work on infiltration studies in a Coland clay loam under a 
six-year old multi-species riparian buffer strip, cultivated row crops and continuously 
grazed pasture in the riparian zone of Bear Creek in north-central Iowa. The thesis 
contains one paper which was written by the author in a format suitable for 
submission to the Journal of Environmental Quality. 
The paper is entitled: Riparian zone soil water infiltration under crops, pasture, 
and established buffer strips. The paper contains an abstract, introduction, 
methodology, results and discussion and a conclusion. In this thesis, the paper is 
preceded by a general introduction and is followed by an overall conclusion and a 
general listing of references cited. 
Introduction: Historical Perspective 
The arrival of Euro-American settlers in the mid-1800s signaled the beginning of a 
period of rapid change for the landscape ecology of Iowa (Schwiender, 1989). Prior to this, 
native vegetation communities in Iowa represented a natural evolutionary response to a 
combination of factors, namely, geology, land forms and soils, climate, other organisms, and 
time (Farrar, 1981). Early observers indicated that the central Iowa landscape was dominated 
by prairies and prairie-wetland complexes, with woodlands adjacent to streams and rivers 
throughout much of the state. In the southern and eastern portions of the state, forests or 
savannas dominated the landscape (Farrar, 1981; Sayre, 1989; Thompson, 1991). Through 
time, the conversion of more than 90 percent of the original landscape to agricultural and 
urban uses has almost eliminated these natural communities (Farrar, 1981). 
Cultivation of the prairie landscape proceeded at a rapid pace during the first 100 
years of farming, but the period from the late 1800's to early 1900' s was most crucial. 
2 
Wetlands were drained, streams were straightened and dredged, and forests were clear-cut, all 
in an effort to increase agriculture production and control flooding (Schwiender, 1989). From 
1875 to 1900, the number of "improved" acres in Iowa went from 12,658 acres to 34,574,337 
acres (Andersen and Bishop, 1996). Between the 1940's and the 1990's, the diverse 
patchwork of mixed cropping and livestock farming was replaced mostly by intensive row 
crop grains facilitated by larger machinery and improved corn hybrids (Andersen and Bishop, 
1996). Iowa today is a mosaic of crop and pasture lands and human habitations 
superimposed on previously natural prairie, wetland and forest ecosystems (Schultz et aI., 
1995). So, for all its rural and "natural" appearance, Iowa's landscape is almost entirely a 
human-made one: measured and cultivated, planted and built upon by the men and women 
who live and have lived on it (Sayre, 1989). 
Highly efficient production agriculture has produced many intended benefits such as 
great quantities of high quality and relatively inexpensive food stuffs and industrial raw 
material. However, on the down side, the production oriented function of this landscape also 
has produced unintended and undesirable environmental consequences that include a 
reduction in soil quality, non-point source (NPS) pollution of water, hydraulic alterations of 
waterways, and disruption of wildlife habitats and populations (Schultz et aI., 1995). 
Soil Quality 
Of the above mentioned consequences, degradation of soil quality by tillage or grazing 
probably has the greatest impact on the agroecosystem (Schultz et aI., 1995). "Soil quality" is 
gaining increasing attention throughout the world as people recognize the fragility of earth's 
soil, water, and air resources and the need to protect them to sustain civilization. "Soil is a 
living system that represents a finite resource vital to life on earth" (Karlen et aI., 1995). It 
develops slowly from various parent materials and is a complex mixture of minerals, water, 
air, organic compounds, and living organisms that interact continuously in response to natural 
and imposed biological, chemical, and physical forces. Important functions that soils perform 
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in the ecosystem include: 1) providing sustenance for biological activity, diversity, and 
productivity; 2) regulating and partitioning the flow of water and solutes; 3) filtering, 
buffering, degrading, immobilizing and detoxifying organic and inorganic material which 
includes industrial and municipal by-products and atmospheric depositions; 4) the storage 
and cycling of nutrients and other elements within the earth's biosphere; and 5) providing 
support for socioeconomic structures and protection for archeological treasures associated 
with human habitation (Karlen et aI., 1995). 
The intrinsic quality of a soil can be viewed simply as "its capacity to function" 
(Karlen et aI., 1995). The Soil Science Society of America defines soil quality as: "The 
capacity of a specific kind of soil to function, within natural or managed ecosystem 
boundaries, to sustain plant and animal productivity, maintain or enhance water and air 
quality, and support human health and habitation" (Karlen et aI., 1995). 
Soil degradation is a change that impairs soil function. This may be an impaired ability 
for infiltration or a decreased diversity of microbial habitat, as well as the more obvious and 
visible changes caused by erosion or increases in salinity (Warkentin, 1995). A properly 
managed soil will not only maintain crop productivity, but environmental quality as well. 
Many researchers now believe that enhancement of soil quality is a first line of defense 
against air and water pollution (Kennedy and Papendick, 1995; Warkentin, 1995). A good 
quality soil functions to cleanse polluted air and water and restricts or reduces the release of 
contaminants into them. (Kennedy and Papendick, 1995; Warkentin, 1995). Thus, managing 
for improved soil quality is a proactive measure to reduce pollution potential (Kennedy and 
Papendick, 1995). 
Non-Point Source Pollution 
The loss of soil quality has produced a serious nationwide non-point source pollution 
(NPS) problem for water resources. Agriculture has been found to be the largest contributor 
ofNPS pollution (Geleta et ai., 1994). NPS pollutants from agriculture include sediment, 
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nutrients, pesticides, animal wastes and other substances that enter the water supply as 
components of runoff and groundwater flow (Welsch, 1991). 
Sediment is probably the most common and most recognized of the NPS pollutants. 
Cropland erosion accounts for about 38% of the approximately 1361x 109 kg of sediment that 
reach the nation's waters each year. Pasture and range erosion accounts for another 26% 
(Welsch, 1991). In Iowa, it is estimated that 2177x 1 08 kg of Iowa topsoil enters the Missouri 
River each year (Kelley, 1990). Saylorville Lake, a United States Army Corps of Engineers 
reservoir located on the Des Moines river, in central Iowa, receives an estimated 4,000 Mg of 
sediment per day, whereas Lake Red Rock, another reservoir further downstream, receives 
about 15,000 Mg per day (Kelley, 1990). 
Pesticides and fertilizers also contribute NPS pollution to our nation's waters 
(Omernik et aI., 1981; Welsh, 1991; Geleta et aI., 1994). Phosphorus (P) and nitrogen (N) are 
major fertilizers that can enter the surface and groundwater resources in great quantities 
(Schultz, et aI., 1995). It was estimated that in 1989, nearly one million Mg ofP entered our 
nations water ways. (Welsch, 1991). Animal excrement is also another agricultural source ofP 
to surface waters (Welsch, 1991). 
Approximately 24,000 of the 124,000 water wells sampled nationwide in 1984 
contained nitrates above 3 mg I-I (Geleta et aI., 1994). More recently, the United States 
Environmental Protection Agency (USEPA) estimated that more than one-half of the nation's 
wells contain nitrates, with about 1.2% of the community wells and 2.4% of the rural wells 
having concentrations above 10 mg I-I (10 ppm), which is the maximum contaminant level 
established to protect human health (Geleta et aI., 1994). Kelley (1990) reported that in 1990 
many Iowa surface waters had nitrate-nitrogen levels exceeding 10mg I-I. He also reported 
that water flowing from tile lines entering various waterways had nitrate-nitrogen levels of 70 
to 80 mg rl. Atrazine and alachlor, two pesticides that have been used in row crop 
production, have also been found in Midwestern surface water for some time (Kelley, 1990). 
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Removal of fertilizer and pesticide NPS pollutants is expensive and is borne by 
downstream users of surface and groundwater. For example, the City of Des Moines, IA has 
invested over $4 million in new equipment to filter nitrates from drinking water extracted 
from the Des Moines and Raccoon rivers. It is also considering another $13.5 million 
investment for an advanced filtration system to remove atrazine (Schultz et aI., 1995). Welsch 
(1991) reported that nitrate removal at a community treatment plant is presently estimated to 
cost about $10 to $15 per month for a family of three. 
Riparian Zone Management 
The primary way in which the agricultural community has addressed NPS pollution is 
to develop upland soil conservation practices such as reduced tillage, no-till, contour tillage, 
and more accurate and better timed applications of fertilizers and pesticides. These 
agricultural best management practices (BMP's) have also included vegetative filter strips, 
comprised primarily of introduced cool-season grass species, that have been applied along 
ephemeral channels in crop fields (Schultz et aI., 1995). 
While upland conservation practices can reduce NPS pollution, it is the riparian zone 
immediately along the stream edge which may contribute the most to NPS pollution (Isenhart 
. et aI., 1995). Riparian zones are the interfaces between terrestrial and aquatic ecosystems. As 
ecotones, they encompass sharp gradients of environmental factors, ecological processes, and 
plant communities (Gregory, et aI., 1991). Only recently has the role and importance of 
stream side or riparian forest vegetation in reducing and transforming NPS pollution from 
agriculture been more clearly documented and quantified (Lowrance et aI., 1985; Lowrance, 
1992; Bren, 1993). 
After conducting a study on a coastal plain agriculture watershed, Lowrance et aI., 
(1984) stated that riparian forest ecosystems are excellent nutrient sinks and buffer the 
nutrient discharge from surrounding upland agroecosystems, thus, preventing pollutants from 
reaching the stream channel. Also, they state that riparian ecosystems can apparently serve 
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as both a short and long-term nutrient filter and sink if trees are harvested periodically to 
ensure a net uptake of nutrients. Other studies have also been able to show that forested or 
retired pasture riparian strips can substantially reduce N, P and sediments in surface runoff 
from agricultural cropland (Peterjohn and Correll, 1984; Weston et aI., 1986). Little is known 
about the effects of buffer systems on the fate and transport of pesticides, but it has been 
suggested that they may at least immobilize or retard movement of pesticides until they are 
naturally detoxified (Schlesinger, 1979; Lowrance, et aI., 1984; Osborn and Kovacic, 1993; 
Schultz et aI., 1995). 
Stream side vegetation also can control stream water which stabilizes the oxygen-
carrying capacity of streams and reduces nutrient availability and utilization (Karr and 
Schlosser, 1978; Osborn and Kovacic, 1993). Riparian buffer strips have been recommended 
as a means to enhance habitat for both aquatic and terrestrial wildlife populations within 
agricultural ecosystem (Karr and Schlosser, 1978; Boon et aI., 1990; Schultz et aI., 1995). 
Thus, there is much interest among wildlife managers in rehabilitating riparian zones, 
especially by enhancing their interconnectedness with each other and with upland natural 
ecosystem remnants. (Karr and Schlosser, 1978; Schultz et aI., 1995). 
In the com belt region of the United States, there are more than 130,000 linear km of 
stream side riparian zones without trees or shrubs (Garrett, 1994). In typical watersheds in 
central Iowa, about 50% of the total length of stream channels may be cultivated with com or 
soybeans within 20 m of the creek. Another 30% of the length may be in pasture, much of 
which is overgrazed (Bercovici, 1994). These conditions prompted the Iowa State 
Agroforestry Research Team (IStART) and the Agroecology Issue Team (AIT) of the 
Leopold Center for Sustainable Agriculture to develop a stream side management system 
research program. 
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The Riparian Management System (RiMS) 
In 1990, a riparian management system model (RiMS) was established along nearly 
1,000 m of Bear Creek on a farm in Story County, Iowa. The Bear Creek Watershed is 
located within the Des Moines Lobe, the depositional remnant of the late Wisconsinan 
glaciation in Iowa (Schultz et aI., 1995). The total length of Bear Creek is 34.8 km and it has 
27.8 km of major tributaries before it empties into the Skunk River. The watershed drains 
7,160 ha of farmland, most of which has been subjected to row crop cultivation and tile-
drainage during the last 100 years. About 87% of the watershed is devoted to com and 
soybean agriculture (Schultz et aI., 1995). 
The RiMS research site is located approximately 2.4 km north of Roland Iowa. Com, 
soybeans and alfalfa hay are produced on the farm and the com and soybeans are rotated on 
an annual basis (Schultz et aI., 1995). Until 1988, livestock were also produced and allowed 
to graze along parts of the stream riparian zone, which caused severe streambank erosion and 
impact on the riparian plant and animal community (Schultz et aI., 1995). The RiMS is an 
integrated management system which includes a multi-species riparian buffer strip (MSRBS) 
with three zones of vegetation, planted parallel to the stream, bioengineering for stream bank 
stabilization, and a small constructed wetland within the buffer strip (Schultz et aI, 1995). 
In order to objectively evaluate the multi-species riparian buffer strip using a split 
block statistical design, the reach of the creek under study was divided into three blocks: 
inside bend, outside bend, and straight reaches. Five 90 meter long plots were located within 
each block. Treatments consisting of three combinations of planted trees, shrubs, native 
prairie grass, and two cool-season pasture grass controls, were randomly assigned to the plots 
within each block. The planted treatments in the first zone, consisted of five rows of trees 
planted closest to and parallel to the stream at a 1.2 x 1.8m spacing. Different species of trees 
were used in each of the three treatments. One treatment contained poplar hybrid (Populus X 
euramericana "Eugenei"), another treatment contained green ash (Fraxinus pennsylvanica 
Marsh.) and the third treatment contained silver maple (Acer saccharinum L.) with a row of 
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black walnut (Juglans nigra L.) planted as the center row. The second vegetative zone 
consisted of a row of red-osier dogwood (Comus stolonifera Michx.) and a row of ninebark 
(Physocarpus opulifolius L.). The shrubs were planted at a 0.9 x 1.8 m spacing. The third 
zone was a 7.3 m wide strip of switch grass (Panicum virgatum L.) planted upslope from the 
shrubs. Controls consisted of cool season pasture grasses across all three zones which were 
allowed to grow after the livestock were removed (Schultz et aI., 1995). 
The zonation is important because the trees and shrubs provide perennial root 
systems to strengthen the stream banks and to provide long-term nutrient storage close to the 
stream. In addition, the shrubs add more woody stems near the ground to slow flood flows 
and provide a more diversified wildlife habitat. The native grasses provide the high density of 
stems needed to dissipate the energy of surface runoff and the deep and dense annual root 
systems needed to increase soil infiltration capacities and provide organic matter for large 
microbial populations (Schultz et aI., 1995). 
A constructed wetland was placed within the MSRBS, at the outlet of a field drainage 
tile to intercept the drainage water and agrochemicals in tile flow before they enter the stream. 
A small constructed wetland of 1 ha can effectively treat the NPS pollution from 100 ha of 
agricultural land (Crumpton et aI., 1993). The streambank bioengineering component of the 
RiMS uses willow or other vegetation to provide a frictional surface for absorbing stream 
energy, to trap sediment and provide shade and organic matter for stream biota. (Schultz et 
aI., 1995). 
The partitioning of water into infiltration and runoff, at the soil surface within the 
RiMS is an important function in the ecosystem. This partitioning of water determines both 
the ultimate quantity and quality of surface and groundwater. Runoff water can carry 
sediment and other pollutants, and quickly reach drainages (Warkentin, 1995). Increased 
infiltration, however, allows much ofthe water moving into and through the buffer strip to 
infiltrate into the soil system. This activity increases the contact time between water 
transported NPS pollutants and the associated "living plant-soil filter" of the multi-species 
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riparian buffer strip (Schultz et aI., 1995). Also, as more water infiltrates, runoff velocities 
decrease, which in turn reduces soil erosion. 
Soil-Water Infiltration 
Infiltration is the entry of water into a soil profile from the surface boundary (Jury 
et aI., 1991). Infiltration of water depends on several factors, slope of the landscape, soil 
texture and structure, above-ground vegetation, soil management systems, antecedent water 
content and soil organic matter. The infiltration of water into the soil is controlled by a 
combination of two subsurface factors, the rate of water transfer to storage areas (hydraulic 
conductivity times the water potential gradient) and the volumes of storage areas (Mukhtar 
et aI., 1985; Meek et aI., 1990; Radke and Berry, 1993; Bruce et aI., 1995). 
Infiltration occurs by displacement (piston-like flow) in the soil matrix and by non-
displacement of matrix water (flow down channels) in macropores (Thomas and Phillips, 
1979, Meek et aI., 1990). Thomas and Phillips (1979) found that soil-water transported 
through macropores moved to deeper zones up to 20 times faster than piston flow. 
Macropores can be created by soil fauna and old root channels, fracture planes caused by 
tillage, and soil cracks caused by drying or freezing and thawing (Radke and Berry, 1993, 
Mukhtar et aI., 1985; Meek, 1990; Jury et aI, 1991). During infiltration, when some of the 
existing water remains around soil particles in more clayey soils or when the soil is highly 
aggregated, this remaining water is termed immobile water while, the moving water is called 
mobile water (Van Genuchten and Wierenga, 1976; Miyazaki, 1993; Jaynes et aI., 1995). 
Water movement through macropores can result in rapid downward movement of 
chemicals to the water table or rapid movement of chemicals through the biologically active 
root zone (Jaynes et aI., 1995). At lower depths, degradation and transformation rates are 
slower so chemicals can persist longer (Jaynes et aI., 1995). This could be the only negative 
aspect of increased infiltration (Mukhtar et aI., 1985). 
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During rainfall events oflimited amounts and durations (e.g.,::::"5cm hoI) less than 30 
cm of surface soil is immediately involved (Mukhtar et aI., 1985). Deeper soils will playa 
role only under surface conditions of large transfer rates and low storage volume (Mukhtar et 
aI., 1985). Surface conditions determine the amount of water entering the soil (Smith and 
Lillard, 1976; Mukhtar et aI., 1985; Morin et aI., 1989; Mohanty et aI.,1994). 
Previous studies have found that forest soils have a high percentage of macropores 
through which large quantities of water can move (Wood, 1977; Mapa, 1995). Wood (1977) 
found that water infiltration rates were higher on 14 of 15 undisturbed forest sites than in 
adjacent sites used for pastures, pineapple, or sugar cane production in Hawaii. Also in this 
study, lower bulk densities and greater porosities were found in forest-covered soils than in 
non-forested soils. 
Soils derived from the same mineral material, in the same environment, can end up 
having contrasting characteristics due to different management systems. Low and Stuart 
(1974) compared adjacent fields of similar calcareous clay which had either supported 
grassland or been under continuous arable cultivation for at least a hundred years. Under 
permanent grassland, the soil was much more porous compared to the soil under arable 
cultivation, which had a more compacted structure. The permanent grassland soil had a lower 
bulk density and a larger total porosity than the "old" arable soil; its considerably greater air-
filled volume reflected the presence of much more numerous pores or channels which were 
sufficiently large to drain freely. However, four years of arable cultivation in the field that had 
been previously under continuous grass reduced the volume of air-filled pores to little more 
than that in the old arable field. An increase in total porosity can increase the infiltration rate 
and amount of water in the soils at saturation because of improved water conduction and 
water storage in large pores (Mukhtar et aI., 1985). 
Compaction caused by farm implements increases soil bulk density and reduces 
infiltration ( Abdel-Magid, 1987; Radke and Berry, 1993). Many researchers (Kooistra et aI., 
1984; Mukhtar, 1985; Meek et aI., 1992) have reached the conclusion that when soils are 
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tilled, there will be an initial increase in porosity, but in the long run, this might not increase 
infiltration because tillage will disrupt the vertical continuity of the macropores. Tillage can 
destroy surface crop residue which protects the soil from rain drop compaction, and surface-
sealing forces of wind and rainfall (Mukhtar et aI., 1985; Radke and Berry, 1993; Freese, et 
aI.,1993; Potter et aI., 1995). 
Increased infiltration is often noted in no-till or other conservation tillage systems 
(Mukhtar et aI., 1985; Bruce et aI., 1992; Radke and Berry, 1993). Some studies, however, 
indicate that long-term no-till compacts the soil and reduces infiltration (Lindstrom and 
Voorhees, 1980). This is likely to occur on many fine-textured soils having restricted surface 
drainage (Freese et aI, 1993). A surface cover of crops or crop residue can help maintain 
higher infiltration rates by reducing compaction from the impact of rainfall, crusting, and 
decreasing soil water evaporation ( Mukhtar et aI., 1985; Radke and Berry, 1993). 
In a study conducted by Meek et aI., (1992) alfalfa roots were important in increasing 
the infiltration rate by reforming channels that were destroyed by tillage. Lal (1978) showed 
that growing cover crops for two years improved the infiltration rate of the soil. He showed 
that some cover crops such as Psophocarpus palustris D.C., Centrosema pubescens Benth. 
and Pueraria phaseolaoides D.C. significantly improved both the infiltration capacities and 
infiltration rates of the soils beneath them, compared to soil under bare ground. Lal (1978 ) 
also noted that some cover crops, such as Pueraria and Centrosema, can play an extremely 
important role not only in improving soil structure, but also in improving the organic matter 
content of the soil. Earthworm activity under these crops was also significantly higher than 
under bare fallow. In a greenhouse study, earthworms caused a 15-fold increase in steady 
state infiltration rates (Kladivko et aI., 1986). 
Soil organic matter is important in maintaining soil structure. Woodruff (1939) 
observed the deterioration of soil structure when the crop culture did not supply adequate 
fresh organic matter to replace that lost in cultivation. Bruce et aI., (1992) found that a soil 
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surface with greatly increased rainfall infiltration can be obtained in 4 or 5 years by a no-till 
culture that provides about 12 Mg ha-1yr-1 of decomposing crop residue on the soil surface. 
Taboada and Lavado (1993) found that trampling by livestock often decreases 
porosity in grassland topsoils because ofthe stress caused by animal hooves. However, 
knowledge of how different pore sizes are affected by trampling is not clear. Macroporosity 
seems to be more affected by trampling than total porosity (Taboada and Lavado, 1993). 
Soils that are wet because of their position along drainage ways are more susceptible to 
reduction in porosity and permeability by compaction (Pritchett, 1979). Thus, riparian areas 
might be more sensitive to compaction caused by farm implements in the cultivated fields and 
animal hooves in the pasture site. 
Objectives of the Study 
While most studies on riparian buffer strips suggest that they are effective in 
controlling nutrient loss from agricultural land to streams, a few studies have been 
unable to detect any positive effects on water quality. Omemik et al. (1981), when 
comparing water quality in 75 catchments, were unable to detect significant riparian 
land-use effects. A study conducted in New Zealand (Smith, 1992) where several small 
pasture catchments were compared for a 2-year period found adverse affects of 
riparian afforestation on water quality. In this study, afforestation decreased surface 
runoff and storm flow in small precipitation events. However, peak storm flows did 
not decline in the case oflarge events. Smith (1992) suggested that in the case oflarger 
events, surface runoff dominated storm flow. The close planting of coniferous trees in 
riparian areas increased sediment, P and N losses because with dense, closed canopies, 
the protective ground cover and aquatic vegetation decreased, which in tum increased 
surface runoff. Thus, more research is needed to define effective riparian zone design 
and management for improved soil and water quality. 
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Different cropping, tillage, and management systems often change structurally 
related soil physical and biological properties (Bruce et aI., 1992; Meek et ai. 1992; 
Radke and Berry, 1993). The infiltration process in soils is not only an important 
function of soils but infiltration characteristics are also closely related to soil structure 
and may be a good indicator of changes in soil physical and biological properties 
(Radke and Berry, 1993). Radke and Berry (1993) found ponded and simulated rainfall 
infiltration to be good integrators of structurally related soil properties and planned to 
use them to learn whether changes in soil properties have occurred before running other 
tests to determine the causes. Peters et ai. (1992) state that infiltration rate may be a 
good integrator of several factors associated with "good soil quality" and productivity. 
The multi-species riparian buffer strip was designed to test the hypothesis that 
the establishment of riparian buffer strips with permanent tree, shrub and prairie 
vegetation on previously cultivated field or pastures would decrease the impacts of 
NPS pollutants in stream water quality through the enhancement of riparian zone soil 
quality. 
Based on the assumption that any impact of applied treatment on soil quality 
is reflected by the effect on infiltration processes, the objective of this study was to 
evaluate the infitration process in the different vegetative communities of an 
established multi-species riparian buffer strip and compare these infiltration 
measurements to areas along Bear Creek where the traditional practice of cultivation 
right up to the edge of the stream or grazing in the riparian zone were still being 
practiced. Factors such as bulk density, antecedent soil moisture, particle size and 
organic matter contribute to the spatial variability in the infiltration process. Thus, to 
explain differences in infiltration, these additional factors were also determined. 
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RIPARIAN ZONE SOIL-WATER INFILTRATION UNDER CROPS, PASTURE, AND 
ESTABLISHED BUFFER STRIPS 
A paper to be submitted to the Journal of Environmental Quality 
Luna Bharati and Richard C. Schultz 
ABSTRACT 
The production-oriented agricultural system of Midwestern United States has 
produced many undesirable environmental consequenses which include soil degradation and 
non-point source (NPS) pollution of water. Riparian zones are the interfaces between 
terrestrial and aquatic ecosystems and may contribute the most to NPS pollution. To reduce 
the impact of upland NPS pollutants on stream water quality a mUlti-species (trees, shrubs, 
and switchgrass) riparian buffer strip was established, in 1990, along 1,000 m of a previously 
cultivated and grazed riparian zone in central Iowa. The objective of this study was to 
compare soil-water infiltration in a Coland (fine-loamy, mixed, mesic Cumulic Haplaquoll) 
soil under the multi-species riparian buffer strip communities with that under cultivated fields 
and a grazed pasture. Eight infiltration measurements were made, in each of eight treatment 
sites, in June, August and OctoberlNovember, 1995. Bulk density, antecedent soil moisture, 
particle size, and organic matter were also examined. The average cumulative infiltration at 
both 3D-min and 60-min was five times greater under the buffer strip than under the 
cultivated field and pasture sites. Cumulative infiltration in the multi-species riparian 
bufferstrip communities were silver maple> control cool season grass>switchgrass. 
Cumulative infiltration did not differ significantly (P<0.05) between com and soybean rows 
and interrows and the pasture. Soil bulk densities under the multi-species buffer strip 
communities were also significantly (P<0.05) lower than in the compared sites. Other 
measured parameters did not show consistent trends.Thus, when using infiltration as an 
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index, the established multi-species buffer strip seemed to improve soil quality in only six 
years. 
INTRODUCTION 
Iowa once was a part of a vast tall grass prairie ecosystem, interspersed with 
wetlands and riparian woodlands associated with rivers and streams (Andersen and 
Bishop, 1996). The arrival of Euro-American settlers in the mid-1800's lead to the 
beginning of rapid changes for the landscape ecology of Iowa (Schwiender, 1989; 
Thompson, 1991). Wetlands were drained, streams were straightened and dredged and 
forests were clear-cut, all in an effort to make way for increased agriculture production 
and control flooding of waterways (Schwiender, 1989). Iowa today is a mosaic of crop 
and pasture lands and human habitations superimposed on previously natural 
ecosystems. 
Highly efficient agriculture systems have produced many intended benefits 
such as great quantities of high quality and relatively inexpensive food stuff and 
industrial raw material. However, the production oriented function of this landscape 
also has produced unintended and undesirable environmental consequences that include 
a reduction in soil quality, NPS pollution of water, hydraulic alterations of waterways, 
and disruption of wildlife habitats and populations (Schultz, et aI., 1995). Non-point 
source pollutants from agriculture include sediment, nutrients, pesticides, animal 
wastes and other substances which enter the water supply as components of runoff 
and groundwater flow (Welsch, 1991). 
The primary way in which the agricultural community has addressed the 
problem of soil degradation and NPS pollution of water is to develop upland soil 
conservation practices such as reduced tillage, no-tillage, contour tillage, and more 
accurate and better timed applications of fertilizers and pesticides (Lal, 1978; 
Mukhtar,1985; Bruce et aI., 1992; Freese et al. 1993). These agricultural best 
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management practices (BMP's) have also included vegetative filter strips, composed 
primarily of introduced cool-season grass species, that have been established along 
ephemeral channels in crop fields (Schultz et al., 1995). 
While upland conservation practices can reduce NPS pollution, it is the riparian 
zone immediately along the edge of the stream channel which may contribute the most 
to NPS pollution (Isenhart et al., 1995). Riparian zones are the interfaces between 
terrestrial and aquatic ecosystems. As ecotones, they encompass sharp gradients of 
environmental factors, ecological processes, and plant communities (Gregory et al., 
1991). Only recently has the role and importance of these plant communities in 
reducing and transforming NPS pollution from agriculture uplands been examined and 
documented (Peterjohn and Correll, 1984; Lowrance et al., 1985; Lowrance, 1992; 
Bren, 1993) .. 
After conducting a study on a coastal plain agriculture watershed, Lowrance et 
al. (1984) stated that riparian forest ecosystems are excellent nutrient sinks. These 
forests reduce the nutrient discharge from surrounding upland agroecosystems and 
prevent pollutants from reaching the stream channel. They also stated that riparian 
ecosystems can apparently serve as both a short- and long-term nutrient filter and sink 
if trees are harvested periodically to ensure a net uptake of nutrients. Other studies 
have also shown that forested or retired pasture riparian strips can substantially reduce 
nutrient and sediment runoff from cropland (Peterjohn and Correll, 1984; Weston et al., 
1986). 
In the cornbelt region ofthe United States, there are more than 130,000 linear 
km of riparian zones without trees or shrubs (Garrett et al., 1994). In typical 
watersheds in central Iowa, about 50% of the total length of stream channels may be 
cultivated with corn or soybeans within 20 m ofthe creek. Another 30% of the length 
may be in pasture, much of which is overgrazed (Bercovici, 1994). 
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The impact of the degradation of riparian zone soil quality by row crop 
agriculture and grazing on water quality is one of the most significant impacts in this 
agricultural ecosystem (Schultz et aI., 1995). These conditions prompted the Iowa 
State Agroforestry Research Team (IStArt) and the Agroecology Issue team of the 
Leopold Center for Sustainable Agriculture to establish in 1990, a riparian management 
systems study site along nearly 1,000 m of Bear Creek on a farm in Story County, 
Iowa. The riparian management system (RiMs) is an integrated management system 
which includes a three zone multi-species riparian buffer strip (MSRBS) consisting of 
successive strips of trees, shrubs and native grasses, planted parallel to the stream. 
Bioengineering techniques are used for bank stabilization and small constructed 
wetlands are used to interrupt field drainage tile water. Rotational grazing systems 
help to reduce the impact of livestock on the riparian zone (Schultz et aI, 1995). The 
main objective of the riparian management system is to reduce the impacts ofNPS 
pollutants on stream water quality through the enhancement of riparian zone soil 
quality. The three zone multi-species riparian buffer strip (MSRBS) also provides an 
excellent opportunity to test the effectiveness of established riparian buffer strips. 
Enhancement of soil quality could be the first line of defense against air and 
water pollution (Kennedy and Papendick, 1995). Good quality soil functions to 
cleanse polluted air and water and restricts or minimizes the release of contaminants 
into them. Thus, improving soil quality in the agroecosystem is a proactive measure to 
reduce pollution potential (Kennedy and Papendick, 1995). The Soil Science Society 
of America defines soil quality as the "capacity of a specific soil to function within its 
natural or managed ecosystem boundaries, to sustain plant and animal productivity, 
maintain or enhance water and air quality, and support human health and habitation" 
(Karlen et aI., 1995). Conceptually, the intrinsic quality or health of a soil can be 
viewed simply as "its capacity to function"( Karlen et aI., 1995). 
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When water is supplied to the soil surface, some of the arriving water 
penetrates the surface and is absorbed into the soil, while some may fail to penetrate 
but instead accumulates on the surface or flows over it (Hillel, 1982). This partitioning 
of water at the soil surface is an important function in ecosystems as it determines 
both quantity and quality of surface and groundwater. Water running over the surface 
can carry sediment and other pollutants, and quickly reach drainages (Warkentin, 
1995). The water which does penetrate is itself later partitioned between that amount 
which returns to the atmosphere by evapotranspiration and that which seeps 
downward, with some of the latter reemerging as streamflow while the remainder 
recharges the groundwater reservoir (Hillel, 1982). Infiltration refers to the entry of 
water into a soil profile from the surface boundary (Jury et ai., 1991). Soil water 
infiltration is one of the most important processes affecting both crop production and 
the volume, transport route, and water quality of agricultural drainage (Mukhtar et.al, 
1985). 
Increased infiltration usually delays the time, during a storm, when surface 
runoff begins and during this extra time, the infiltrating water can leach more of the 
chemicals out of the thin mixing zone of soil that interacts with rainfall and runoff. 
(Mukhtar et aI, 1985). High infiltration rates in a buffer strip would increase the 
contact time between water transported NPS pollutants and the associated "living 
plant-soil filter" of a multi-species riparian buffer strip (Schultz et aI., 1995). Also, as 
more water infiltrates, surface runoff velocities will decrease which in tum will reduce 
soil erosion. 
During rainfall events oflimited amounts and durations (e.g., :::,.5cm h-1) less 
than 30 cm of surface soil is immediately involved (Mukhtar et aI., 1985). Deeper soils 
will playa role only under surface conditions of large transfer rates and low storage 
volume (Mukhtar et aI., 1985). Surface conditions determine the amount of water 
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entering the soil (Smith and Lillard, 1976; Mukhtar et aI., 1985; Morin et aI.,1989; 
Mohanty,1994). 
The infiltration of water into the soil is controlled by a combination of two 
subsurface factors, the rates of water transfer to storage areas in soil (hydraulic 
conductivity times the water potential gradient) and the volume of storage areas in soil 
(Mukhtar et aI.,1985). Transfer rates to storage areas are dependent on flow of soil 
water by displacement (piston-like flow) in the soil matrix and by non-displacement of 
matrix water (flow through macropores). (Thomas and Phillips, 1979; Meek et aI., 
1990). The latter flow has the greatest impact on infiltration rates. 
Macropores can be created by soil fauna and old root channels, fracture planes caused 
by tillage, and soil cracks caused by drying and freezing (Mukhtar et aI., 1985; Meek et aI., 
1990; Jury et aI, 1991; Radke and Berry, 1993). Using chromatic theory, Thomas et 
al.(1979) found that soil water transported through macropores moved to deeper zones up to 
20 times faster than piston flow which occurs in the soil matrix. Water movement through 
macropores can result in rapid downward movement of chemicals to the water Table or rapid 
movement of chemicals through the biologically active root zone (Jaynes et aI., 1995). At 
lower depths, degradation and transformation rates are slower so the chemicals can persist 
longer (Jaynes et aI., 1995). This could be the only negative aspect of increased infiltration 
(Mukhtar et aI., 1985). 
Several other factors such as slope of the landscape, soil texture and structure, 
vegetation cover, management systems, antecedent water content and soil organic matter also 
have an effect on infiltration (Bouma et aI., 1971; White, 1991; Radke and Berry, 1993; 
Meek, 1990; Bruce et aI., 1995). Soils derived from the same mineral material can end up 
having contrasting characteristics due to different management systems. This has been 
effectively illustrated by Low and Stuart (1974). They compared adjacent fields of similar 
calcareous clay which had either supported natural grassland or been under continuous arable 
cultivation for at least a hundred years. Under permanent grassland, the soil was much more 
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porous compared to the soil under arable cultivation, which had a more compacted structure. 
The permanent grassland soil had a lower bulk density and a larger total porosity than the 
"old" arable soil; its considerably greater air-filled volume reflected the presence of much 
more numerous pores or channels which were sufficiently large to drain freely. However; 
four years of arable cultivation in the field that had been previously under continuous grass 
reduced the volume of air-filled pores to little more than that in the old arable field. An 
increase in total porosity can increase the infiltration rate and amount of water in the soils at 
saturation because of improved water conduction and water storage in large pores (Mukhtar 
et aI., 1985). 
Compaction caused by farm implements and grazing animals increases soil bulk 
density and reduces infiltration (Abdel-Magid, 1987; Radke and Berry, 1993). 
Infiltration tests on mixed-grass pastures at the Iowa State University Beef Nutrition 
Farm showed a potential for soil compaction and structural damage (Radke and Berry, 
1993). Many researchers (Kooistra et aI., 1984; Meek et aI, 1992; Mukhtar et aI., 
1985) have reached the conclusion that when soils are tilled, there will be an initial 
increase in porosity in the short run but in the long run, infiltration will be reduced 
because tillage disrupts the vertical continuity of the macropores. Tillage can also 
destroy surface crop residue which protects the soil from raindrop compaction and the 
surface-sealing forces of wind and rainfall. (Mukhtar et aI., 1985; Radke and Berry, 
1992; Freese, et aI., 1993; Potter et aI., 1995). 
A surface cover of crops or crop residue can help maintain higher infiltration 
rates by reducing compaction from the impact of rainfall, crusting and decreasing soil 
water evaporation.( Mukhtar et aI., 1985; Radke and Berry, 1993). Lal (1978) showed 
that growing cover crops such as Psophocarpus palustris D.C., Centrosema pubescens 
Benth. and Pueraria phaseolaoides D.C. significantly improved both the infiltration 
capacities and infiltration rates of the soils beneath them, compared to soil under bare 
ground. Lal (1978) also noted that some cover crops, such as Pueraria and 
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Centrosema, can play an extremely important role not only in improving soil structure 
but also in improving the organic matter content of the soil. Earthworm activity under 
these crops is also significantly higher than under bare fallow. In a greenhouse study, 
earthworms caused a 15-fold increase in steady state infiltration rates (Kladivko et aI., 
1986). 
Soil organic matter is important in maintaining soils structure. Woodruff (1939) 
observed the deterioration of soil structure when the cropping system did not add 
adequate fresh organic matter to replace that lost in cultivation. Mapa and 
Wanasundara (1991) found that aggregates from forest soils had a significantly higher 
mean diameter than cultivated soils and they attributed this to higher organic matter. 
Bruce et al. (1992) found that a soil surface with greatly increased rainfall infiltration 
can be obtained in 4 or 5 years with a no-till culture that provides about 12 Mg ha-1yr-1 
of decomposing crop residue on the soil surface. 
While most studies on riparian buffer strips suggest that they are effective in 
controlling nutrient loss from agricultural land to streams, a few studies have been 
unable to detect any positive effects on water quality. Omemik et al. (1981), when 
comparing water quality in 75 catchments, were unable to detect significant riparian 
land-use effects. A study conducted in New Zealand (Smith, 1992) where several 
small pasture catchments were compared for a 2-yr period found adverse affects of 
riparian afforestation on water quality. In this study, afforestation decreased surface 
runoff and storm flow in small precipitation events. However, peak storm flows did 
not decline in the case of large events. Smith (1992) suggested that in the case of larger 
events, surface runoff dominated storm flow. The close planting of coniferous trees in 
riparian areas increased sediment, P, and N losses because with dense, closed canopies, 
the protective ground cover and aquatic vegetation decreased, which in tum increased 
surface runoff. Thus, more research is needed to define effective riparian zone design 
and management for improved soil and water quality. 
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The multi-species riparian buffer strip (MSRBS) was designed to test the 
hypothesis that the establishment of riparian buffer strips with permanent tree, shrub 
and prairie vegetation on previously cultivated field or pastures would decrease the 
impacts ofNPS pollutants in stream water quality through the enhancement of riparian 
zone soil quality. 
Different cropping, tillage, and management systems, often change structurally 
related soil physical and biological properties (Bruce et aI., 1990; Meek et ai. 1992; 
Radke and Berry, 1993). Infiltration characteristics are therefore closely related to soil 
structure and may be a good indicator of changes in soil physical and biological 
properties (Radke and Berry, 1993). Radke and Berry (1993) found ponded and 
simulated rainfall infiltration to be good integrators of structurally related soil 
properties and planned to use them to learn whether changes in soil properties have 
occurred before running other tests to determine the causes. Peters et al.(l992) state 
that infiltration rate may be a good integrator of several factors associated with "good 
soil quality" and productivity. 
Thus, based on the assumption that any impact of an applied treatment on soil 
quality is reflected by the effect on infiltration processes, the objective of this study 
was to make infiltration measurements in the different vegetative communities of an 
established multi-system riparian buffer strip (MSRBS) and compare these 
measurements to areas along Bear Creek where the traditional practice of cultivation 
right up to the edge of the stream or grazing in the riparian zone were still being 
practiced. Factors such as bulk density, antecedent soil moisture, particle size, and 
organic matter contribute to the spatial variability in the infiltration process. Thus, to 
explain differences in infiltration, these additional factors were also determined. 
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MATERIALS AND MEATHODS 
The Established Riparian Management System (RiMS) 
In 1990, a multi-species riparian buffer strip (MSRBS) was established as part of a 
RiMS along nearly 1,000 m of Bear Creek on a farm in Story County, Iowa. The Bear Creek 
watershed is located within the Des Moines lobe landscape, the depositional remnant of the 
late Wisconsinan glaciation in Iowa (Schultz et aI., 1995). The total length of Bear Creek is 
34.8 km and it has 27.8 km of major tributaries before it empties into the Skunk River. The 
watershed drains 7,160 ha of farmland, most of which has been subjected to field tile-drainage 
during the last 150 years. About 87% of the watershed is devoted to com and soybean 
production with row crops extending to the edge of the streambank along as much as 50% of 
the stream length (Schultz et aI.,1995). The RiMS is an integrated management system which 
includes a multi-species riparian buffer strip (MSRBS) consisting of three zones of 
vegetation, each planted parallel to the stream, a stream bank soil bioengineering feature for 
bank stabilization and small constructed wetlands within the buffer strip to intercept and 
process field drainage tile water before it enters the stream. Rotational grazing systems to 
reduce the impact of livestock on streambanks are also included (Schultz et aI.,1995). 
In order to objectively evaluate the MSRBS, the reach of Bear Creek was divided into 
three blocks: inside bend, outside bend, and straight reaches using a randomized split block 
statistical design. Five, 90 m long plots were located within each block. Treatments 
consisting of three combinations of planted trees, shrubs, native prairie grass, and two 
controls, were randomly assigned to the plots within each block. The planted treatments 
consist of five rows of trees planted closest to and parallel to the stream. Different species of 
trees were used in each plot. The tree species used were hybrid poplar (Populus X 
euramericana "Eugenei"), green ash (Fraxinus pennsylvanica Marsh.) and silver maple (Acer 
saccharinum L.). A row of black walnut (Juglans nigra L.) was planted as a center row with 
four rows of silver maple in the third treatment. Upslope from the trees, a row of red-osier 
dogwood (Comus slolonifera Michx.) and a row of ninebark (Physocarpus opulifolius L.) 
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were planted. Finally, a 7.3 m wide strip of switchgrass (Panic urn virgaturn 1.) was planted 
upslope from the shrubs. Controls consist of cool season grass pasture strips that had been 
grazed until 1989 and were allowed to grow following the removal of cattle (Schultz et aI., 
1995). 
Infiltration Studies 
The major objective of this study was to compare infiltration processes in the 
different vegetative communities of the established multi-species riparian buffer strip 
(MSRBS) with those in soils ofthe same Natural Resources Conservation Service mapping 
unit where cultivation right up to the edge ofthe stream or grazing in the riparian zone were 
being practiced. To compare infiltration between the multi-species riparian buffer strip, 
cultivated fields and continuously grazed pasture, eight treatment sites were identified along 
the riparian zone of Bear Creek. The eight treatments were: silver maple, switchgrass, control 
cool season pasture grass, corn rows, corn interrows, bean rows, bean interrows and 
continuously grazed pasture. All the treatment sites were located on Coland (fine-loamy, 
mixed, mesic Cumulic Haplaquoll) soils (USDA, 1975). The silver maple, switchgrass and 
control cool season pasture grass sites were located in one of the blocks of the established 
MSRBS. The other measurement sites were located on adjacent farms. Once the treatment 
sites were located, a 44 m long plot was marked in each of the treatment sites. These plots 
were then divided into 24 subplots (Figure 1). 
Infiltration measurements were made three times during 1995 to establish changes over the 
growing season. Eight measurements were made on each of the eight treatment sites during 
each of three time periods (June 20-July 1, August 7-August 16, October 20-November 10). 
Thus, for each sampling period, eight replicate measurements were made. These 
measurements were blocked by day so that on each day, one measurement was made at each 
of the eight treatment sites. Subplots were randomly selected for each day of testing from the 
24 subplots. Figure 1 shows an example of the divided study plot. The random order of each 
individual subplot is indicated by the numbers within the marked subplot boxes (Figure 1). 
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Figure 1. Schematic representation of a study plot from three multi-species riparian 
buffer strip (MSRBS) vegetation communities, four cropping treatments and a 
continuously grazed pasture site. The 44 m plot was divided into 24 subplots. The 
numbers above the subplots indicate the order of the subplot selected for each 
measurement day. The selection was made through random drawing. A total of24 
measurements were made during three measurment periods (June, August and OctINov, 
1995). 
Eight replicate measurements for each month were made as a result of a preliminary study 
conducted in the fall of 1994. In this particular study, infiltration was measured in the 
bufferstrip and in a grazed pasture. The standard deviation from this study was used to 
establish the need for eight replications (Cochran and Cox, 1957). 
One ponded, falling head infiltration measurement was made in each subplot using 
a double-ring infiltrometer (702 cm2 area inside ring) following the method outlined by 
Bouwer (1986). To separate crop row and interrow effects, rectangular shaped 
infiltrometers with the same area as the ring infiltrometers were used on the cultivated field 
sites. 
The infiltrometers were pushed into the ground by placing a flat metallic lid or a 
wooden board on top and pounding with a hammer. The measurements were recorded by 
the use of styrofoam float-actuated stage recorders. Each measurement period lasted for at 
least 60 minutes. For many of the sites, the time was longer. Swartzendruber and Hogarth 
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(1991) stated that the pressure head of water ponded on the soil surface can increase the 
infiltration of water into soil. Therefore, the level of the water in the infiltrometer was not 
allowed to fluctuate more than approximately 5 cm by manually adding small amounts of 
water. Thirty and sixty minute cumulative infiltration values were calculated by reading 
the change in water level (cm) over time (min) from the stage recorder. 
Three surface soil samples from 0-7 cm depth were collected from an undisturbed 
area immediately outside of the infiltrometer to determine the bulk density and soil water 
content preceding infiltration measurements. The volume of the auger used to collect the 
samples was 244 cm3• The collected soil samples were placed in plastic lined soil bags, and 
transported to the laboratory. Fifty gram sub-samples were taken from each of the soil 
samples and oven dried at 105°C for gravimetric water content and bulk density 
determinations (Blake and Hartge, 1986). 
Composite samples were used for particle size distribution and organic carbon and 
nitrogen determinations. Each individual soil sample was separated into two sets, one for 
particle size analysis and one for organic carbon and nitrogen analysis. For organic carbon 
and nitrogen determinations, composite samples were made by combining all samples from 
the same site and month. Thus, there was one composite sample for each of the eight sites 
from the same month, giving a total of24 composite samples (eight sites X three months). 
Duplicate samples of the composite soil samples were analyzed for organic carbon and 
nitrogen contents using a Carlo Erba N A 1500 NICIS analyser (Carlo Erba Strumentazione, 
Milan, Italy). 
The second set of soil samples were used for particle size analysis. Because of the 
heterogeneous nature of soil, the 44 m plot at each treatment site was divided into thirds. 
Composite samples were made from each area, for each of the eight treatment sites. Thus, 
there were a total of24 composite samples (eight sites X three areas). Duplicate samples 
of the 24 composite samples were analyzed for particle size by the use of the hydrometer 
method (Gee and Bauder, 1986). 
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Statistics were computed with the use of Statistical Analysis System (SAS, 1982) 
software. The data were analyzed using analysis of variance (ANOVA) and differences 
were determined by T-tests (LSD), contrast analysis and correlation analysis (Cochran and 
Cox, 1957). 
RESULTS AND DISCUSSION 
Cumulative Infiltration: 30-min and 60-min 
There were significant site treatment differences (P<0.05) between each of the three 
sampling periods for both the 30-min and 60-min cumulative infiltration measurements. 
There were, however, no significant site treatment differences between individual testing days 
within any of the three months. From Table 1 it can be seen that 61 % and 56% of the 
variance for 30-min and 60-min cumulative infiltration, respectively, was due to site 
treatment. 
Table 1. Variance and percent variance according to site treatment and measurement day for 
30-min and 60-min cumulative infiltration measurements. 
Variable June August OctlNov Average%b 
Variance (V) 
30min 60min 30min 60min 30min 60min 30min 60min 
Sitea 73.45 180.5 71.2 146.7 46.8 56.1 61 56 
Day -1.4 -5.7 3.1 -0.9 -3.8 8.8 0 0 
Error 29.8 97.21 48.7 129.1 43.1 75.2 39 44 
a Site treatments were silver maple, switchgrass, control cool season grass, pasture, com row, 
com interrow, bean row and bean interrow. 
b Average percent varaince for June, August and OctINov according to site, day and error. 
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Figures 2 and 3 show the mean cumulative infiltration for the three sampling periods. 
Because cumulative infiltration did not vary within months across measurement days, for a 
given site, values were averaged across days. Between months, cumulative infiltration rate 
was significantly different for only the switchgrass site (P=O.03 for 30-min and P=O.008 for 
60-min cumulative infiltration). For all of the other sites, mean cumulative infiltration did not 
significantly vary by month. Even though the cumulative infiltration values for switchgrass 
in August are lower than for June and OctoberlNovember, T tests (LSD) for 30-min 
infiltration and 60-min infiltration showed that only June and August were significantly 
different (P<O.05). 
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Figure 2. Average (n=8) 30-min cumulative soil water infiltration for three multi-species 
riparian buffer strip (MSRBS) vegetation communities, four cropping treatments and a 
continuously grazed pasture site. The error bars indicate standard error. 
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Figure 3. Average (n=8) 60-min cumulative soil water infiltration for three mUlti-species 
riparian buffer strip (MSRBS) vegetation communities, four cropping treatments and a 
continuously grazed pasture site. The error bars indicate standard error. 
Figures 4, 5 and 6 show average cumulative infiltration values plotted against time. 
From the graphs, it can be seen that the buffer strip sites have higher infiltration values than 
the cultivated field sites and the continuously grazed pasture. When statistical contrast 
analysis was used to test the differences between mean cumulative infiltration values averaged 
across sampling periods from each of the eight treatment sites (Table 2) the following 
conclusions could be drawn: 
1. Thirty-minute cumulative infiltration was significantly different between each of 
the three multi-species riparian buffer strip communities with silver 
maple>control cool season grass> switchgrass. 
2. Sixty-minute cumulative infiltration did not differ between switchgrass and control 
cool season grass. When contrast analysis was done by month, it showed that 
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Figure 4. Average (n=8) cumulative infiltration over time in June for three multi-species 
riparian buffer strip (MSRBS) vegetation communities, four cropping treatments and a 
continuously grazed pasture site. 
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Table 2. Contrasts between the treatment sites for overall 30-min and 60-min cumulative 
infiltration values (n=24) from three multi-species riparian buffer strip vegetation 
communities, four cropping treatments, and a continuously grazed pasture site. 
Dependent Variable: Dependent Variable: 
30-min infiltration 60-min infiltration 
Contrast Mean Pr> F Mean Pr>F 
Square Square 
control grass Vs bean row 102.603 0.0007 331.625 0.0035 
control grass V s bean interrow 200.568 0.0001 574.301 0.0004 
control grass V s silver maple 176.319 0.0001 277.834 0.0064 
control grass Vs pasture 217.722 0.0001 634.004 0.0003 
control grass V s corn row 213.557 0.0001 615.411 0.0003 
control grass Vs switchgrass 51.634 0.0082 61.029 0.1557 
control grass V scorn interrow 219.074 0.0001 638.182 0.0003 
switchgrass V scorn interrow 57.995 0.0057 304.507 0.0047 
silver maple V s pasture 785.903 0.0001 1.751.311 0.0001 
silver maple V s corn row 777.970 0.0001 1.720.246 0.0001 
silver maple V s switchgrass 418.784 0.0001 599.294 0.0003 
silver maple V scorn interrow 788.469 0.0001 1.758.178 0.0001 
bean row V s bean interrow 16.264 0.1059 331.087 0.2877 
bean row V s silver maple 547.928 0.0001 1.216.540 0.0001 
bean row V s pasture 21.400 0.0674 485.771 0.2020 
bean row V s com row 20.108 0.0752 435.192 0.2258 
bean row V s switchgrass 8.665 0.2278 108.127 0.0656 
bean row V scorn interrow 21.826 0.0650 497.264 0.1970 
bean interrow V s silver maple 752.994 0.0001 1.651.037 0.0001 
bean interrow V s pasture 0.351 0.8030 1.478 0.0500 
bean interrow V s corn row 0.203 0.8494 0.710 0.8737 
bean interrow V s switchgrass 48.671 0.0097 260.902 0.0078 
bean interrow V scorn interrow 0.408 0.7882 1.684 0.8068 
corn row V s switchgrass 55.173 0.0066 288.842 0.0056 
corn row V scorn interrow 0.035 0.9371 0.206 0.9316 
pasture V s com row 0.020 0.9524 0.013 0.9439 
pasture V s switchgrass 57.301 0.0059 301.653 0.0049 
pasture V scorn interrow 0.002 0.9846 0.006 0.9877 
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cumulative infiltration was significantly greater for control cool season grass in 
August but not in June or OctoberlNovember, 1995. 
3. Cumulative infiltration for both 3D-min and 6D-min was significantly greater in the 
silver maple and control cool season grass than in any of the field or continuously 
grazed pasture sites. 
4. Cumulative infiltration was significantly greater in the switchgrass than in any of 
the field or continuously grazed pasture sites except for bean row. When further 
analysis was done, it was found that cumulative infiltration in the switchgrass was 
only greater than in the bean row in June. 
5. Cumulative infiltration rates did not vary significantly between any of the field 
and grazed pasture sites. 
Figures (2-6) and Table 2 show that cumulative infiltration values were generally 
higher in the multi-species riparian buffer strip than in the cultivated field and pasture sites. 
Since infiltration values are related to soil quality, these results show that this established 
multi-species riparian buffer strip had a positive effect on soil quality by increasing 
infiltration values by as much as five times after only six years of growth. Cultivation of row 
crops and continuous grazing reduced cumulative infiltration equally with no significant 
differences between crop rows and interrows. The greatest differences were seen under the 
silver maple followed by the control cool season grass. 
Results obtained from this study are consistent with previous studies that show the 
influence of vegetation and management systems on infiltration. Wood (1977) found that 
infiltration rates were higher on 14 of 15 undisturbed forest sites than in adjacent sites used 
for pastures, pineapple, or sugarcane production in Hawaii. In a study conducted by Meek 
et ai. (1992), alfalfa roots were important in increasing the infiltration rate by reforming 
macropore channels that were destroyed by tillage. Other studies have also been able to 
demonstrate that perennial vegetation can increase infiltration (Low and Stuart, 1974; Carter 
et. aI., 1994; Broersma et aI., 1995). 
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The differences between switchgrass and control cool season grass are interesting. For 
the first 3D-min measurement, control cool season grass had a significantly higher cumulative 
infiltration. However, at 60 min, the difference was only significant in August (Table 2). 
Infiltration values under switchgrass were significantly different between only June and 
August, however, from Figures 2 and 3, it can be seen that the August switchgrass infiltration 
values were lower than the OctoberlNovember infiltration values as well. The lower 
cumulative infiltration under switchgrass may be due to the higher density of living roots. In 
the multi-species riparian buffer strip, root density of switchgrass reaches a peak in August 
and then declines in autumn (Ayden Tufekcioglu, 1996, personal communication). Lower 
root densities in spring (June) and fall (OctINov) may be due to root death which leads to 
opening macropores. The effect ofliving roots on macropore flow is not clear. Warner and 
Young (1991) using dye tracers showed that macropore flow was occurring along living roots 
of com plants. However, both Barley (1954) and Gish and Jurey (1981) hypothesized that 
root growth may initially decrease infiltration by compacting soil and obstructing existing 
macropores. Meek et al. (1989) measured increases in infiltration rate that were related to 
decreases in stand density under alfalfa. 
The switchgrass had been burned the previous spring (1994). Burning may result in a 
well-defined water-repellent layer beneath the surface ash (De Bano et aI., 1970). Water 
repellency can be found under different vegetation types such as forests, brushwood, 
grassland, and agricultural land (De Bano, 1981). It is thought that this heat-induced water' 
repellency results from the vaporization of organic hydrophobic substances at the soil surface 
during the passage of fire and their subsequent condensation in the cooler underlying portions 
of the soil. Water repellancy is basically caused by aliphatic hydrocarbons derived from 
partially decomposed plant materials (Savage et aI., 1972). Thus, even though the study site 
had been burned the previous year, effects of the burn may have had an influence in the 
infiltration capacity of the switchgrass soil. In the Netherlands, sandy soils covered with 
heath, grass and forest have been reported to be extremely water repellent (Dekker and 
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Jungerius, 1990). Other researchers have reported infiltration rates into water repellant soils 
being considerably lower than those into wettable soils (De Bano, 1981; Van Dam et aI., 
1990; Ritsema et aI., 1993). 
Soils that are wet because of their position along drainage ways are more susceptible 
to reduction in porosity and permeability by compaction (Pritchett, 1979). Thus, low 
infiltration found in the cultivated field treatment sites and the continuously grazed pasture 
site could be due to the break-up of soil structure by cultivation and compaction from farm 
implements and grazing animals. The Coland soil, on which all treatment sites were located is 
a floodplain soil. Taboada and Lavado (1993) found that trampling often decreases porosity 
in grassland topsoils because of the stress caused by animal hooves. However; knowledge of 
how different pore sizes are affected by trampling is limited. Macroporosity seems to be 
more affected by trampling than total porosity. (Taboada and Lavado, 1993). 
While this study showed no significant differences in cumulative infiltration between 
crop rows and interrows, other researchers have found spatial and temporal changes (Hamlett 
et aI., 1990; Meek et aI., 1992; Radke and Berry; 1993; Prieksat et aI., 1994). Hamlett et al. 
(1990) concluded that increased trafficing causes increased compaction, particularly near the 
surface, with consistent decreases in the infiltration of water into the soil. Ankeny et 
al.(1990) found much lower infiltration rates in trafficed interrows than in untrafficed 
interrows and attributed the decrease to the destruction of soil macropores. The lack of a 
significant difference between the plant row and interrow in the fields in this study could be 
because the interrows from which measurements were taken, may have been interrows which 
were not subjected to wheel-traffic compaction. 
According to Mukhtar et al. (1985), infiltration of water into the soil can vary during 
the crop growth period and one of the factors that can substantially decrease the water intake 
is surface sealing. Soils without residue cover or with little crop canopy are susceptible to 
surface sealing due to raindrop impact (Mukhtar et aI., 1985). A study conducted by 
Prieksat et al. ( 1994) found that infiltration rates in trafficked interrows remained constant 
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through the growing season and infiltration rates in untrafficked interrows sharply decreased 
after cultivation and pre-plant tillage. However, in this same study, the infiltration rates, 
measuredjnthe plant row increased during the growing season and the reason for the 
increased infiltration was attributed to com root growth and water uptake (Prieksat et 
al.,1994). 
In this study, at the time of the first measurement period (June), the com and 
soybeans had already been planted in the fields and in the last measurement period 
(OctoberlNovember) the crops had just been harvested. Results, however, did not show a 
significant difference between the three measurement periods (June, August, OctINov) for the 
cultivated field sites. 
Bulk Density and Moisture Content 
Table 3 indicates that 82% of the variance in bulk density was due to site treatment. 
Figure 6 shows the relationship between bulk density (g cm-3) and 30-min cumulative 
infiltration. The bulk density and infiltration values used in this figure are means of 24 days, 
averaged over the three sampling periods. The data were combined because similar looking 
curves were found when 30-min cumulative infiltration was plotted with bulk density for 
Table 3. Variance and percent of variance according to site and month for bulk 
density. 
Variable June August OctlNov Average Average % b 
Variance (V) 
Sitea 0.02 0.12 0.l4 0.09 82 
Day 0.001 0.02 0.02 0.01 9 
Error 0.02 0.01 0.01 0.01 9 
a Site treatments were silver maple, switchgrass, control cool season grass, pasture, com row, 
com interrow, bean row, bean interrow. 
b Average percent variance for June, August and OctINov sampling periods according to site, 
day and error. 
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each of the sampling periods. The trend for 60-min cumulative infiltration verses the bulk 
density (not shown) was also similar to Figure 7. The figure indicates that as bulk density 
increases, 30-min cumulative infiltration seems to decrease, except under silver maple. 
Correlation analysis shows a consistently inverse relationship between infiltration and 
bulk density for 30-min cumulative infiltration (Table 4). Similar results were found between 
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Figure 7. Averages for overa1l30-min cumulative infiltration (n=24) vs. bulk density for three 
multi-species riparian buffer strip (MSRBS) vegetation communities, four cropping 
treatments and a continuously grazed pasture site. 
bulk density and 60-min infiltration. Results from previous studies have also demonstrated 
this inverse relationship. Goldhammer and Peterson (1984) found that the major effect of soil 
compaction in an irrigated sandy loam soil was the reduction in infiltration rate reSUlting in 
the infiltration of insufficient water. Patel and Singh (1981) reported that, if the bulk density 
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in a course-textured soil was increased from 1.7 to 1.9 g cm -3 hydraulic conductivity 
decreased by a factor of 260. Meek et al. (1992), using the same type of course textured soil, 
measured a four fold decrease in infiltration rate when traffic compacted the soil from a bulk 
density of 1.7 to 1.89 g cm-3. 
Past studies have found that bulk density of cultivated fields and grazed pastures are 
generally higher than those of native grassland or forest soils (Bouma and Hole, 1971; Meek, 
1992; Taboada and Lavado, 1993; Jaiyeoba, 1995). The results from this study show that 
removing livestock from pastures and establishing perennial plant communities on previously 
cultivated fields can decrease bulk density significantly after only six years. 
Table 4. Results from correlation analysis for bulk density and 30-min cumulative infiltration 
for the June, August and OctoberlNovember, 1995 measurements. The treatment sites were 
three multi-species riparian buffer strip vegetation communities, four cropping treatments 
and a continuously grazed pasture. 
Month Correlation (r) Probability (p) 
June 
August 
OctoberlNovember 
-0.57 
-0.26 
-0.35 
0.0001 
0.0400 
0.0080 
When statistical contrast analysis for the sites within the buffer strip was done, it was 
found that the bulk density of the control cool season grass and switchgrass sites did not have 
significantly different bulk densities (P=0.672). However, the bulk density of the silver 
maple site was significantly greater than both the control cool season grass and switchgrass 
sites (P=O.013) for control cool season grass vs. silver maple and P=0.030 for switchgrass vs. 
silver maple). Jaiyeoba (1995) found a similar increase in soil bulk density under Eucapyptus 
camaladulensis and Mangifera indica (mango) plantations and also under arable and fallow 
field conditions when compared with areas under natural savannah vegetation in Nigeria. 
It is interesting to note that soils under silver maple do not only have the highest bulk 
density of the multi-species riparian buffer strip communities but also the highest cumulative 
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infiltration. The silver maple site may have a higher bulk density than the switchgrass and 
control cool season grass sites because of a six percent higher sand content (Table 8). Coarse-
textured soils are generally more dense than fine-textured soils (Hillel, 1982). Bulk density 
and soil texture greatly affect piston-like flow of water through soil, however, soil bulk 
density has little or no relationship to water flow through macropores (Meek et aI., 1989). 
Forest soils have a relatively high percentage of macropores through which large quantities of 
water can move, sometimes even without appreciable wetting of the soil matrix (Pritchett, 
1979). Thus, in this study, the high infiltration found under the silver maple might be due to 
the large number of macropores. Macropores can also be formed through soil fauna activity. 
In similar aged silver maple plantations established on previously cultivated fields very high 
earthworm activity has been noted. 
Gravimetric moisture content was found to be significantly different (P<0.05) 
according to site treatment as well as measurement days. As shown in Table 5, 54% of the 
Table 5. Variance and percent variance according to site treatment and month for gravemetric 
moisture content. 
Variable June August OctlNov Average Average %b 
Variance (V) 
Sitea 0.0038 0.0031 0.0046 0.0038 54 
Day 0.0039 0.0005 0.0007 0.0017 24 
Error 0.0025 0.0013 0.0006 0.0015 21 
a Site treatments were silver maple, switchgrass, control cool season grass, pasture, corn row, 
corn interrow, bean row and bean interrow. 
b Average percent variance for June, August and OctINov according to site, day and error. 
variance was due to site treatment, 24% due to sampling day and 21 % due to error. 
Table 6 shows means of soil gravimetric moisture for the three measurement periods. 
The control cool season grass and switchgrass moisture values from the buffer strip site, are 
consistently higher than the field and pasture sites, however, the silver maple values are 
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relatively low. Statistical analysis indicated that the maple values were significantly lower 
than the control cool season grass and switchgrass moisture values in all three months. Past 
researchers have also found low moisture values for soils under forests. Kasubuchi (1992) 
found water content in the forest always lower than in a pasture and wheat field due partly to 
the low groundwater levels and partly to the relatively even absorption of soil water at every 
depth by well-developed roots. Wood (1977) found that undisturbed forest soils had greater 
detention storage (associated with macropores) at all soil depths than the abandoned farm 
soil, but the latter had greater retention storage (associated with micropores) at the 15-45 cm 
depths. Higher evapotranspiration rates in forests might also account for the relatively low 
Table 6. Mean gravimetric surface soil moisture content (mc) and standard deviations (SD) 
by site treatment for the three time periods in 1995. 
Site June August 
Control grass 
Switchgrass 
Silver Maple 
Bean row 
Bean interrow 
Cornrow 
Com interrow 
Pasture 
%mc (SD) %mc (SD) 
0.33 (0.07) 0.39 (0.03) 
0.37 (0.12) 0.4 (0.02) 
0.24 (0.06) 0.3 (0.04) 
0.27 (0.05) 0.33 (0.04) 
0.29 (0.06) 0.32 (0.03) 
0.24 (0.11) 0.3 (0.05) 
0.23 (0.04) 0.28 (0.04) 
0.18 (0.07) 0.24 (0.06) 
OctoberlNovember 
%mc( SD) 
0.34 (0.03) 
0.39 (0.02) 
0.21 (0.06) 
0.29 (0.02) 
0.29 (0.02) 
0.25 (0.02) 
0.25 (0.02) 
0.19 (0.06) 
moisture values. Investigators have noted a rise in the soil water table following the removal 
of the forest canopy, due to reduction in evapotranspiration (Trousdell and Hoover, 1955; 
Wilde, 1958). Hewlett and Hibbert (1961) reported that the conversion of mature forests to 
low-growing vegetation increases streamflow. 
Potential energy which is due to position or internal condition, is of primary 
importance in determining the state and movement of water in the soil (Hillel, 1982). In the 
soil, water moves constantly in the direction of decreasing potential energy. The rate of 
decrease of potential energy with distance is the driving force causing the flow (Hillel, 1982). 
The infiltration of water into the soil can be considered mathematically in terms of both a 
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gravity potential and a moisture potential (Fetter, 1994). During the early stages of 
infiltration, the moisture potential gradients predominate over the gravitational force (Jury et 
aI., 1991). The moisture potential is a negative pressure due to the soil water attraction. The 
moisture potential increases with decreasing amounts of soil moisture (Fetter, 1994). Thus, 
in moist soils the pressure potential gradient is smaller than when the same soil is dry, so the 
initial infiltration rate is slower. In Table 6, it can be seen that within the buffer strip, mean 
gravimetric surface soil moisture values in the silver maples are lower than the contol cool 
season grass as well as in the switchgrass. Also, from Figures 4, 5 and 6, it can be seen that 
the initial infiltration values are higher for the silver maples than the control cool season grass 
or the switchgrass. Thus within the buffer strip, another reason why the silver maples had 
higher infiltration values could be due to the relatively dryer soil. 
Soil organic matter and particle size. 
Results from soil organic matter analysis are presented in Table 7. Results show that 
there is a significant difference in organic Nand C content between the treatment sites 
(P=O.OI for C and P=O.OOOI for N). Previous studies have also shown how changes in 
vegetation can alter the pattern of organic matter accumulation within the soil (Bruce et aI., 
1992; Mytton et, aI., 1993; Carter et aI., 1994; Jaiyeoba, 1995). In a study conducted in 
Nigeria, Jaiyeoba (1995) found that arable and fallow soils have significantly less organic 
matter than natural savannah soils in both 0-10 cm and 20-30 cm soil layers. In the same 
study, when soils under eucalyptus and mango were compared to natural savannah soils, 
significantly less total N was found in both layers. However, for the C content, a significant 
difference was found only in the 20-30 cm soil layer. 
Table 7 shows that control cool season grass and switchgrass sites from the multi-
species riparian buffer strip consistently had higher soil C and N contents for all three 
sampling periods. The silver maple soil C and N contents are less than the control cool 
season grass and switchgrass sites. The reason for this could be because annual turnover of 
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organic matter from dying tree roots is smaller than from grass roots (Nielson and Hole, 
1963). Another reason for the relatively low soil N content under the silver maple trees could 
be because ofthe more lignified litter material found under the tree plantations (Juo and Lal, 
1977; Jaiyeoba, 1988) and internal recycling ofN before leaf fall. 
Past studies have observed that when natural ecosystems are disturbed due to 
introduction of agriculture or different management practices, the soil organic matter declines 
(Tiessen et aI., 1984; Zhang et aI., 1988; Jaiyeoba, 1995). Results from this study, do not 
show such a drastic change except in OctoberlNovember, where soils under control cool 
season grass and switchgrass were significantly higher in soil organic matter than soils under 
all the other treatments (Table 7). 
Table 7. Mean percent of organic N and C 
measurement periods. 
for surface soil samples (0-7cm) for the three 
Treatment Site June August OctoberlNovember 
%N %C %N %C %N %C 
Control Grass 0.37a'J 3.70a 0.37ab 3.60a OAl a S.12a 
Switchgrass O.3S ab 3.37ab 0.38a 3.74a 0.39a 4.03a 
Silver Maple 0.29cd 2.82cd 0.31 bc 2.99a 0.30bc 2.98b 
Pasture O.2Se 2.77d 0.2ge 2.89a 0.26d 3.04b 
Bean Row 0.32bc 3.28abc 0.33bc 3.38a 0.33b 3.29b 
Bean Interrow 0.30bcd 2.97bcd O.3Sabc 3.S1 a 0.27cd 2.69b 
Com Row 0.31 cd 3.24abcd 0.30e 3.08a 0.30bc 2.9Sb 
Com Interrow 0.28de 2.76d 0.31 bC 3.69a 0.2ged 2.88b 
i] Numbers in each column are not significantly different at O.OS probability level if 
followed by a common letter. 
As plant material from roots or litter is processed in the soil, it becomes increasingly 
associated with the mineral portion of the soil. So, this plant derived organic matter can be 
found as either mineral-associated or free particulate organic matter (Sollins et aI., 1984; Elliot 
et aI., 1991). Most free soil organic matter is usually undecomposed debris or litter particles 
that float in heavy liquids and are referred to as light fraction (Elliot et aI., 1991). When 
studying organic matter associated with soil aggregates, it is important to try to separate this 
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light fraction before analysis because undecomposed particles may be associated with a 
particular size class of aggregates only because of their size and they actually might not be 
contained within aggregates (Elliot et aI., 1991). In the study conducted by Elliot et aI., 
(1991), the concentration of organic C was 7.6,8.4, 7.8, and 10.2 mg g-I soil for the 16-year 
cropped, 3-year cropped, 13-year forest, and old growth forest, respectively. However, after 
the light fraction C was subtracted from the total organic C concentrations the values were 
5.5, 6.8, 7.2, and 8.5 mg C g-I. This is a more predictable pattern considering the cultivation 
chronosequence. Similarly, non-light fraction (mineral-associated) N concentrations were 
466,679,719, and 772 mg C g-l soil for the above chronosequence (Elliot et aI., 1991). 
Thus, in this study, since the soil samples were surface samples, the light fraction 
might have been even higher than if the samples had been sub-surface soils. Since separation 
of the light fraction was not done before analysis, this could be the reason for the relatively 
high organic matter concentrations in the cultivated fields. 
Summarized results from particle size analysis are presented in Table 8. Even though 
all the sites were mapped as the same soil mapping unit, results from particle size analysis 
showed that the sites had significantly different textures (P= 0.0001). These results re-
emphasize the fact that soils are heterogeneous in nature and that this heterogeneity has to be 
taken into account when comparisons for infiltration, bulk density, and moisture are made. 
The only influence of particle size distribution that seems to stand out is from the pasture 
site. The high sand percent might account for the low moisture content found in this site 
(Tables 6 and 7). No other consistent relationship between particle size and infiltration, bulk 
density, or moisture were found. Thus, even though particle size distribution probably had 
an influence on these parameters, treatment influences seem to have been greater. 
CONCLUSIONS 
This study was conducted with the assumption that the impact of different treatments 
(different vegetative and management systems) is reflected in the infiltration process, and that 
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infiltration is a good indicator of "soil quality". The results show that the 6-year old multi-
species riparian buffer strip system, through its influence on infiltration, 
does seem to have a positive influence on the soil quality of the riparian zone. These results 
are very favorable for the advocation of riparian management schemes for the reduction of 
Table 8. Mean particle size analysis from duplicate samples taken from composite soil 
samples. Areas represent 113 (8 sub-plots) of the 44 m long treatment plots. Each 44 m plot 
was partitioned into three areas and composite samples were made according to site and area 
(each value reEresents 24 individual samEles). 
Treatment Site Area 1 Area 2 Area 3 
Sand Silt Clay Sand Silt Clay Sand Silt Clay 
% % % % % % % % % 
Control Grass 34.0 43.5 22.5 31.0 48.0 21.0 32.5 47.5 20.0 
Switchgrass 27.5 54.0 18.5 38.0 46.0 16.0 32.5 47.5 21.0 
Silver Maple 40.0 44.0 16.0 40.5 43.5 16.0 33.5 45.0 21.5 
Pasture 65.0 20.0 15.0 55.0 28.0 17.0 54.0 29.0 17.0 
Bean Row 35.5 35.5 29.0 38.5 35.5 26.0 41.0 34.5 24.5 
Bean Interrow 34.5 40.5 25.0 32.5 42.5 25.0 35.5 43.5 21.0 
CornRow 43.0 40.0 17.0 38.5 42.0 19.5 46.5 43.0 10.5 
Com Interrow 43.0 39.0 18.0 40.0 41.5 18.5 38.5 42.0 19.5 
NPS pollution in agroecosystems. Among the buffer strip communities, infiltration was 
highest in the silver maple, followed by the control cool season grass and then the 
switchgrass. These results will be helpful in making decisions regarding the selection and 
placement of particular vegetative communities in a riparian buffer strip. 
The results, however, come from a single, unreplicated study and do not allow a 
general statement to be made about established buffer strips and their role in reducing NPS 
pollutants. More studies involving replicate measurements of the various treatments (buffer 
strips and field and pasture sites) need to be conducted to finally reach a general conclusion. 
Results from this particular study, however, demonstrate that the infiltration capacity in the 
tested multi-species riparian buffer strip is different from the compared field and pasture 
sites. 
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GENERAL CONCLUSION 
Results obtained from this study showed that soil infiltration values are generally 
significantly greater in the established multi-species riparian buffer strip than in the cultivated 
field and grazed pasture sites. The average cumulative infiltration measurement at both 30-
min and-60 min from the buffer strip site were five times greater than the average 30-min and 
60-min cumulative infiltration values from the field and pasture sites. Cumulative infiltration 
was not significantly different between the crop rows and interrows in the field sites or 
between the crop field sites and the grazed pasture site. However, cumulative infiltration was 
significantly different between each of the three multi-species riparian buffer strip 
communities with silver maple> control cool season grass> switchgrass. 
Results from this study showed that the bulk density of cultivated field and grazed 
pasture sites were significantly higher than found in the established perennial vegetative 
communities of the multi-species riparian buffer strip. Between the multi-species riparian 
buffer strip vegetative communities, the control cool season grass and switchgrass had 
significantly higher bulk density values than the silver maple site. Except in the silver maple 
site, cumulative infiltration (30-min and 60-min) showed an inversely proportional 
relationship with bulk density. The high infiltration found in the maple site was thought to 
be due to the presence of large number of macropores formed through decayed roots and soil 
fauna activity. 
Gravimetric antecedent soil moisture content varied by site and also individual day. 
However, results did not show a strong correlation between infiltration and soil moisture. 
The control cool season grass and switchgrass moisture values were consistently higher than 
those of the field and grazed pasture sites, however, the silver maple values were relatively 
lower. Statistical analysis indicated that the silver maple values were significantly lower than 
the control cool season grass and switchgrass moisture values in all three months. The low 
moisture content for the silver maple site could be due to greater retention storage (associated 
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with micropores) in the other sites and/or the relatively even absorption of soil water at every 
depth by well-developed roots under the silver maples. 
There was a significant difference in organic N and C content between the treatment 
sites. The buffer strip control cool season grass and switchgrass sites consistently had 
significantly higher Nand C contents for all three months when compared to the other sites, 
however, the silver maple Nand C contents were consistently less than the control cool 
season grass and switchgrass sites. The reason for silver maple having low N and C values 
could be due to the less annual turnover of organic matter from dying tree roots than from 
gr:ass roots. The reason for the small difference in organic C content from the buffer strip 
sites and the cultivated field and pasture sites could be because separation of free particulate 
organic matter (light fraction) was not done before analysis. The organic C values could have 
been influenced by the free particulate organic matter and not the actual mineral-associated 
organic matter. 
Even though all the sites came from the same soil mapping unit, particle size 
distributions were significantly different. These results re-emphasize the fact that soils are 
heterogeneous in nature. No significant relationships were found between particle size 
distribution and infiltration, bulk density, or antecedent moisture. Thus, even though particle 
size distribution may influence the other measured soil variables, the site treatment influences 
seem to have had a greater effect 
This study was conducted with the assumption that the impact of different 
treatments (different vegetative and management systems) is reflected in the infiltration 
process, and that infiltration is a good indicator of "soil quality". The results show that the 
6-year old multi-system riparian buffer strip, through its influence on infiltration, does seem 
to have a positive influence on riparian zone soil quality. These results are very favorable for 
the advocation of riparian management schemes for the reduction ofNPS pollution in 
agroecosystems. Between the buffer strip communities, infiltration was highest in the silver 
maple, followed by the control cool season grass and then the switchgrass. These results will 
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be helpful in making decisions regarding the selection and placement of particular vegetative 
communities in a riparian buffer strip. 
The results, however, come from a single, unreplicated study and do not allow a 
general statement to be made about established buffer strips and their role in reducing NPS 
pollutants. More studies involving replicate measurements of the various treatments (buffer 
strips and field and pasture sites) needs to be conducted to finally reach a general conclusion. 
Results from this particular study, however, demonstrated that the infiltration capacity in the 
tested MSRBS was different from the compared field and pasture sites. 
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